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Remarks 

Regarding the amendments to Specification 

In the previously filed Supplemental Amendment to the Specification (filed July 15, 2006), the applicants 
requested the addition of two new paragraphs, [249.1] and [249.2]. These two new paragraphs 
contained details of the use of oligonucleotides as PGR primers by versions of Oligonucleotide 
Technology. These details were from two references (Schuster and Gyapay) that are incorporated by 
reference into the application (see [0333]). (Oligonucleotide Technology is a means of obtaining 
genotype data/sample allele frequency data, see [0244], [0245].) 

The applicants again request the addition of three new paragraphs, [249.3], [249.4] and [249.5] to the 
Specification in the present Amendment. These three new paragraphs again contain details of the use 
of oligonucleotides as PCR primers by versions of Oligonucleotide Technology. These details are also 
from three references (Saiki [0346], Wu [0347] and Nickerson [0348]) that are incorporated by reference 
into the application (see [0333]). These three references are all examples of Oligonucleotide 
Technology, see [0344]. Marked copies of the references that show the relevant pages and passages 
(pp. 6230, 6231 of Saiki, pp. 2757, 2758 of Wu and pp. 8923, 8924 of Nickerson) are included herewith 
for the Examiner's convenience. Free copies of each of these papers in pdf format are also 
available from the Archives at the website of the Proceedings of the National Academy of 
Sciences at http://vvww.pnas.org/. 

Regarding the amendments to previously pending claims 

Twenty-four new claims (including two new independent claims) have been added and one dependent 
claim (claim 55) has been canceled from the current claim listing. 

The applicants have made minor amendments to previously pending dependent claims 17-34 (and 
added new claims 68- 80). These amendments have been made after more consideration of the 
issue raised by the Examiner in point 2, p. 2, of the Office Action of 12/29/05. That issue deals with 
"PCR primers", "intended use" and physical and structural properties of a claimed product. 

Amendment of dependent claims 17-34 simply changes the phrase "A copy" to "One or more copies". 
And the scopes of claims 1 7-34 have been narrowed to include only type (1 ) oligonucleotides by 
deleting the phrase "or wherein each oligonucleotide in the set is a type (2) oligonucleotide" from claims 
17 and 19. (Claims 18, 20-34 depend from claims 17 and 19.) 
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The limitation "One or more copies" was present in previously pending claims 16-34 (many of which 
were allowed) in the Office Action of 12/29/05. So this amendment simply restores the limitation "One or 
more copies" to claims 1 7-34. This limitation has remained unchanged In allowed Independent claim 16. 
Indeed, allowed independent claim 16 Is unchanged and has not been amended since the last Office 
Action of 12/29/05. 

Type (1) oligonucleotides are allele specific and are clearly supported (see paragraphs [0143], [0324], 
and [0346]). Since the scope of all of claims 17-34 has been narrowed by the amendment to 
include only type (1) oligonucleotides, the scope of each of these claims is stili within the scope 
of previously allowed (in the Office Action of 12/29/05) independent claim 16. Again, allowed 
independent claim 16 is unchanged and has not been amended since the last Office Action of 
12/29/05. 

Regarding the new claims 57- 80 

Regarding new claim 57, this claim format of "genotyping" is described in paragraphs [0242] and 
[0243]. In addition, applicants cite the cases of Ex parte Kelly (173 USPQ 743), Ex parte Brrtton (154 
USPQ 321) and Ex parte Macy (132 USPQ 545). These cases indicate that single step method claims 
are patentable. 

Regarding new claims 58-60 the limitations "exact true bi-allefic" and "thousands of covering markers 
are from one chromosome" in these claims have been discussed In the Remarks section in the 
previously filed Amendment/Response of May 30, 2006; see specifically bottom p. 13 and pp. 14-15 of 
the 5/30/06 Amend/Response. The limitation "thousands of covering markers" has been discussed in 
the Remarks Section of previously filed amendment/responses (see especially pp. 15-18 under claims 
14 and 24 of the Supplemental Amendment of Nov 20, 2005) and claims with this limitation have 
already been allowed by the Examiner. 

Regarding new, Independent claim 61 This claim is supported by [0231], [0155] and [0152]. As Is 
known in the art, the activity of obtaining genotype data/sample allele frequency data for linkage studies 
Is generally considered to be a separate activity from actually performing the study. Thus, for example, 
apparatus to obtain such data are generally regarded as separate from the studies, see e.g. [0244]- 
[0250] and bottom [0163]. Other support is in [0208] and [0209]. 

Applicants again respectfully cite the cases of Ex parte Kelly (173 USPQ 743), Ex parte Britton (154 
USPQ 321) and Ex parte Macy (132 USPQ 545). These cases indicate that single step method claims 
are patentable. And these cases also cite the fact that "rejection of method claims as mere function of 
machine claims must fair as in MPEP 21 73.05(v). 
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Applicants respectfully submit that because the invention of claim 61 is closely related to that of 
allowed independent claim 39, a new search for patentability is not required. Applicants 
respectfully submit that allowed independent claim 39 (with dependent claims 40 — 42) are essentially 
patentable by virtue of being processes that obtain data at a novel/unobvious group of markers 
Specifically this is a group of two or more covering markers that systematically cover a CL-F region 
New claim 61 is similarly a novel/unobvious process of obtaining data at a group of two or more 
covering markers that systematically cover a CL-F region. And applicants respectfully submit that the 
invention defined by claim 61 is similarly patentable as the inventions of allowed claims 39-42. 

In addition, applicants note that allowed independent claim 39 and allowed dependent claims 40-42 are 
within the scope of new independent claim 61. Independent process claim 61 does not recite the phrase 

"determining information on the presence or absence of each allele of each b-ailelic marker in the 

chromosomal DNA of one or more individuals" as independent process claim 39 does. Therefore it is 
possible for the process of claim 61 to obtain the data directly with a computer (see [0173] and [0208]) 
or to obtain the data using "information on the presence or absence of each allele of each b-allelic 
marker in the chromosomal DNA'' as is done in claim 39 

Regarding new dependent claims 62-67 The limitations in claim 62 are essentially similar to those in 
claim 7. Claim 7 was discussed on page 13 of the Amend/Resp of 5/30/2006; claims with these 
limitations have been previously allowed. For the limitation "genotype data" (claim 64), see "(1 )" in 
the definition of genotype data/sample allele frequency data in [0148]; other added limitations In claims 
62- 68 have been discussed above. The limitations "0.2" and "12 cM" are supported for example by 
[0180], [0181] and [0226] 

Regarding new claim 68 the added limitations in this claim are similar to previously filed claims 8, 54 
and 56. Claim 8 was discussed on p. 13 of the Amend/Resp. of 5/30/2006. The limitation "thousands of 
covering markers from the [or one] chromosome" is discussed on pp. 14 and 15 of the Amend/Resp of 
5/30/06. 

Regarding new dependent claims 69-70, type (2) oligonucleotides with utility as PCR primers are 
described, see bottom half of paragraph [0143], p. 11. Other limitations in these claims were discussed 
above. For example, limitations in claim 69 are similar to those in claim 62 (discussed above). The 
limitations in claim 70 "0.2" and "12 cM" are discussed above under claims 62-67 and "thousands of 
covering markers" Is discussed above under claims 58-60. Claims with the limitation "thousands of 
covering markers" have been previously allowed. 
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Regarding new independent claim 71 the limitation "oligonucleotides with utility as PCR primers to 
obtain genotype data/sample allele frequency data by generating a physico-chemical signal" is 
supported specifically by "(3) a signal (such as dye color) generated by the products of PCR ... as when 
oligonucleotides ... are used as primers for PCR reactions" see [0144]. Other support for 
oligonucleotides as PCR primers for use in obtaining genotype data/sample allele frequency data are 
specific examples of "Oligonucleotide Technology" in paragraph [0248] and [0249]. And more specific 
information in the examples in new paragraphs [0249.1], [0249.2], [0249.3], and [0249.4], that have 
been requested to be added to the Specification by amendment (July 15, 2006) and with the present 
amendment. Other general support for this limitation is in paragraphs [0244]-[0247], and [0251]-[0262]. 
The Examiner is also directed to paragraph [0144] where the term "physico-chemical signal" is broadly 
defined. 

Such use of "Oligonucleotide Technology" (and of oligonucleotides as PCR primers) to "obtain genotype 
data/sample allele frequency data for each of two or more bi-allelic covering markers, wherein a CL-F 
region is systematically covered by the covering markers" is frequently described, see for example 
[0259] and [0163], especially at top p. 13. 

The phrase "whereby the oligonucleotides include copies of a set of oligonucleotides, the set of 
oligonucleotides being complementary to the group of two or more bi-allelic covering markers" is not a 
true limitation, but merely states a result of the invention recited in the claim. That Is, the 
oligonucleotides (with the utility as PCR primers recited in the claim) must necessarily include 
copies of a set of oligonucleotides that is complementary to the group of two or more bi-allelic 
covering markers. (See definition [0146].) Such a set of oligonucleotides is novel and unobvious as 
evidenced by the allowance of independent claim 16. Similarly the applicants respectfully submit 
that the invention of new claim 71 is also novel/unobvious because it includes novel/unobvlous 
copies of the set of oligonucleotides; and new claim 71 does not require a new search for 
patentability. In addition, applicants respectfully submit that product claim 71 is patentable based on 
what the invention is . i.e. oligonucleotides that include copies of a set of oligonucleotides that is 
complementary to a group of two or more bi-allellc covering markers that systematically cover a CL-F 
region. And applicants respectfully submit that the patentability of product claim 71 is not essentially 
based on what the invention does or is intended to do . 
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The Examiner rejected former product claim 26 (under point 2 of the previous Office Action of 12/29/05) 
for failing to further limit the subject matter of a previous claim with an "intended use" (rather than 
structural) limitation. The "intended use" was "PGR primers". Applicants respectfully submit that the 
scope (or subject matter) of new claim 71 is clearly different than the scope of similar claim 1 7, because 
the scope of claim 71 includes type (2) oligonucleotides. The scope of claim 71 is also different than the 
scope of similar claim 69, as the scope of claim 71 includes type (1) oligonucleotides (some PGR 
primers are allele-specific and are type (1). see Abstract of the Wu reference [0347], which is enclosed). 
Other limitations In claim 71 are similar to those In claim 62 (discussed above); claims with these 
other limitations have been allowed. 

Regarding new dependent claims 72-80 the limitations In these new dependent claims have been 
discussed above or in the Amend/Resp of 5/30/06. For example, the species limitations In claims 78 
and 79 were discussed on p. 12 of the Amend/Resp of 5/30/06. Claims with the limitation "wherein the 
density of covering markers is at least thousands per chromosome" have been previously allowed. This 
limitation is discussed in the Supplemental Amend/Resp. of 11/20/2005 (see p. 19 under claim 30). In 
addition most of these limitations are present in other pending claims that are not essentially new. 

Some further remarks for the record 

Regarding the limitation "an essentially one-dimensional panel for a linkage study", such panels 
attempt to achieve one-dimensional closeness and linkage, including linkage disequilibrium, of a panel 
marker and the sought trait-causing polymorphism. The one-dimensional closeness is along the 
chromosomal location dimension. For example, the approximate even distribution of markers along the 
chromosomal dimension in a conventional linkage study (paragraphs [0018H0020] and [0035]) is to 
achieve such one-dimensional closeness. See also, for example, paragraph [0035] which refers to one- 
dimensional closeness in a one-dimensional perspective. Such one-dimensional techniques also favor 
markers with least common allele frequencies near 0.5, see [0042], [0026]. The linkage disequilibrium 
(including increased linkage disequilibrium) which essentially one-dimensional panels attempt to 

achieve is measured (or essentially measured) as 6/5max when 8 > 0 and 5/5min when 5 < 0. Such 
essentially one-dimensional panels are not based on using the principle of similarity of marker allele 
frequency and [possible] trait -causing polymorphism allele frequency to increase power, see for 
example [0029]. [0285] and [0308]. 
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The inventor, R. E. McGinnis, has shown that the increase in power that occurs when m is similar to p 
does not drop off dramatically as soon as the m/p ratio departs from unity as indicated by Muller-Myhsok 
and Abel (see for example [0029] and below). Some relevant text from the well-known letter of Muller- 
Myhsok and Abel {Science, Vol. 275, Issue 5304, 1328-1329, 28 February 1997) is as follows: "The 

situation described by Risch and Merikangas corresponds to complete linkage disequilibrium, that is. S 
= ^ax w/f/7 m = p, with P(tr-B) reducing to 1). In other cases, the number of necessary families 
increases dramatically as p differs from m even when S = Smax, ^nd also as S decreases. Thus, the 
power of association studies such as the TDT can be quite strong when there is a high probability that 
the allele studied is the causal allele as shown by Risch and Merikangas. In other cases, researchers 
should be aware that the power of such association studies can be greatly diminished as soon as the 
ratio m/p departs from unity and the linkage disequilibrium becomes weaker ** 
Regarding the term "genotype data/sample allele frequency data" in the claims. Some claims 
such as claim 39 use the term "genotype data/sample allele frequency data". As noted in the Definitions 
section at [0148], there are three numbered possibilities ((1), (2), and (3)) for this data. Sample allele 
frequency data is determined from pooled DNA specimens or from calculation using genotype data at 
the marker for each individual in the sample, see [0147] and [0148]. Thus when ''genotype data/sample 
allele frequency data" is present, then either sample allele frequency data determined from pooled DNA 
specimens or genotype data at the marker for each individual in the sample is present. And the term 
"genotype data/sample allele frequency data for a marker and a sample" has the same scope as the 
phrase "genotype data (at the marker for each individual in the sample) or sample allele frequency data 
(for the marker for the sample)". And "genotype data (at the marker for each individual in the sample) or 
sample allele frequency data (for the marker for the sample)" includes within Its scope the numbered 
possibility (2) above, which is a combination. 

Regarding claim 44, the phrase "genotype data/sample allele frequency data" was amended to 
"genotype data". Applicants respectfully submit that in this claim, the amended phrase does not change 
the scope of the claim, as it is still possible to use the specific apparatus recited in the claim to obtain 
sample allele frequency data, for example by using the apparatus with pooled DNA specimens. 

The phrase " One or more copies of a set of oligonucleotides" was amended to "copies of a set of 
oligonucleotides". Applicants respectfully submit that in this claim, the amended phrase does not 
change the scope of the claim, as the specific apparatus recited in the claim (arrays, nylon membranes, 
chips, glass slides) have more than one copy of a complementary set of oligonucleotides attached to 
the apparatus. 
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Regarding claim 45 This claim and others includes the limitation "wherein the group of two or more 
covering markers is r)ot an essentially one-dimensional panel of markers for a linkage study"'. This 
limitation expressly excludes apparatus that are "essentially one-dimensional techniques" (i.e. 
apparatus that are designed to obtain data for an essentially one-dimensional linkage study) from the 
scope of the claim 

Some other claims with this limitation are claims 7, 17, and 69. Again the limitation in these claims 
expressly excludes "essentially one-dimensional techniques" from the scope of the claims. So, for 
example, an essentially one-dimensional study is expressly excluded from the scope of claim 7; and 
oligonucleotides designed to obtain genotype data for an essentially one-dimensional study are 
expressly excluded from the scope of claim 17. 

Applicants hereby also rebut any presumption of surrender or disclaimer of any equivalent within the 
scope of any claim. Such a disclaimer is not necessary for patentability. 
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Conclusion 

In this Supplemental Amendment the applicants have requested the addition of three new paragraphs to 
the Specification. And the applicants have also made minor amendments to previously pending 
dependent claims 17-34 and new claims have been added. (These amendments were made after more 
consideration of an issue raised by the Examiner in the previous Office Action of 12/29/05 that dealt with 
PGR primers.) Twenty-four new claims (including two new independent claims) have been added and 
one dependent claim has been cancelled. An appropriate fee for 23 extra claims including 2 
independent claims has been submitted. Remarks have been made. Including those indicating that the 
new independent claims are closely related to previously allowed claims and do not require a new 
search for patentability. 

This Supplemental Amendment follows an Amendment/Response filed on Tuesday, 5/30/2006. The 
Amendment/Response of 5/30/2006 included claim amendments and responded to each point of 
rejection in the previous Office Action of 12/29/05 This Supplemental Amendment also follows a 
Supplemental Amendment of the Specification (filed on July 16, 2006). Appropriate fees are also 
enclosed. 

For the reasons advanced above, applicants respectfully submit that the application is now in condition 
for allowance and that action is earnestly solicited. 

Respectfully submitted, 

Robert O. McGinnis 
Registration No. 44. 232 
August 2, 2006 
1575 West Kagy Blvd. 
Bozeman, MT. 59715 
tel (406)-522-9355 

Enclosures, marked copies of 6 pages: 

1) Saiki,et al. Proc Natl Acad Sci USA vol 86, pp.6230-6231. 

2) Wu, et al.. Proc Natl Acad Sci USA vol 86 pp 2757-2758. 

3) Nickerson, et al., Proc Natl Acad Sci USA vol 87, pp. 8923-8924. 
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Genetic analysis of amplified DNA with immobilized 
sequence-specific oligonucleotide probes 
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pafiScQlftr nnttiUkHis or polTmoffpldaiu en be vcMHIy 
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niqnc, tile |m^bicj cb»ifi roictiDii (PCR>, hMMBtatid (he 
osc of tkne probes by gjmUj incr t JlliiH tht immbcr of topics 
of tBiistt DNA in Om prwr to ^MfttzMOoa. Id * 

ot f t ulimw i mwaj wtth iimnoblllMJ PCR pro^iict md labcfed 
<AgpBBclcotl4e probes^ «iicb probe raqoim ft aepar^ 
indloD. Itoe dgggHhc a iqijlio ji br irhkb oofc.em todal' 
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fmse, spotted oitto * "J^*^ il K lllirftl' ^ Govakn^r bownd 
by UV irradfatfon. One to tMr ioi^ leagtbt the tails ar« 
preferentkny bvuad to the Bylon, the ollgonacltotide 

probe ftnee to hyfariiitze^ The Tftrff^tegmartrf 
t o be teiied jg FCR-^m ptglBd wllh bhilb^latcd pr^ m aad 
t S5 i "B yb ri J Ued to the aiUlbrMe CWl i nlHl& the fannobyfawi 

oMiyaiifcSga rigLaiiM aurtiBWL ilW^ifagl^.3ybl : Mto^ pg:hr 

detected liTOdloactt^^ by ^jM^^ wtEWt MOMiSnSSS^ . 
lAt pgrtnribW tft tm> Mamrria ted DNAh , fallotred l^ _a_^Mie 
CDhKimctdfi^^igD TMi ledakiK hfts hc«« 
l>0A ceBotyplag types) Hid to the detecthm or MeAtcrn- 
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DifTcreotial hybridization with sequence-specific otisonade- 
otide probes has become a widely used technique for the 
detection of genetic mutatidos and potymorphisms (1^^. 
When hybridized under the app rop ria te conditions, these 
synthetic DNA probes (usually 15-20 bases in length) will 
aimeal to their complementary tatiget sequences in the sample 
DNA only if they are perficctly matched. In most cases, the 
destabilizmg effect of a sii^e haso-pair mismatch h sufficient 
to prevent the formation of a stable probe-Or^et duplex (Q. 
WHh an approprhOC selection Of oligonucleotide probes, the 
relevant genetic coment Cf a DNA sample can be completely 
described. 

This very powerful method of DNA anfOysis has been 
gready simplified by the in vitro DNA-amj^ification tech- 
nique, the polymerase chain reaction (PGR) (T-9). The PCR 
can selectively increase the number of copies of a particular 
DNA segment in a sample by many orders of magnitude. As 
a resnlt of this 10^- to 10*-foW ampiificatioa, more convenient 
assays and nonradioactive detection methods have become 
possible (10-12). These PCR-based assays w usually done 
by amplifying the lar^t segment In the sample to be tested, 
fi wng the ampHTted DNA onto a series of nylon memhianes, 
and hyhridisins each membrane with one of the labeled 
oligonucleotide probes unxier strin^nt hybridization condi- 
tions. However, each probe most sti'tl be individually hyt»id- 
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in accaidaiice with 18 U,S.C. J1734 wldy to indicite this &et. 



ized to the amplified DNA and the process can easily become 
difficuh in a system where many different mutations or 
polymorphisms occtu-. 

One approach to address this procednral difRcutty is to 
''reverse'* the DNAs: attach the oligonucleotides to the 
nylon support and hybridize the amplified sample to the 
membrane. Thus, in a single hybridization neaction, an entire 
series of sequences could be analyzed simultaneously. The 
strategy we adopted was to immobilize the oligonucleotides 
onto nylon fitters hy ullravtolet fixation. Exposure to UV 
light activates thymine bases tn DNA, whicb then covalently 
couple to the primary amines presem m nylon (13). It seemed 
unlikely, however, that short oKgonudeocides could be di- 
rectly attached to nylon in this manner and stHI retain their 
ikbilhy to discriminate at the level of a sii^e base*pair 
mismatch. Consequently, the addition of a long deoxyribo- 
thymidine homopolymer tail, poMdD, to the 3' end of the 
oligonucleotide appeared promising for several reasons. 
First, the po!y(dT) tail would be a iaigcr target for UV 
crosslinl dng an d should preferentially react with the nylon. 
Second, dTTP is very readily incorpoi^ted onto the 3' ends 
of ofa'gonucleotides by terminal deoxyribonucleottdyltrans- 
ferase and would permit the synthesis of very long tails (14). 
(Deoxyribothyim'dine would also be the most efficiently 
incorporated base if a purely synthetic route wore chosen.) 
Third. CoUins and Hunsoker (15) had shown that the pres- 
ence of a poly(dA) homopolymer tail, used to introduce 
multiple '^S labels, did not affect the function of scQUence- 
spectfic oligonucleotide probes. 

We have used this technicpie to attach ofigonucleotide 
probes specific for the six major HLA-DQA DNA types (16) 
and the eight most commoo Mediterranean ^thalassemia 
mutations (4) to nylon filters. The tar^get segment of the DNA 
sample to be tested (cither HLA-^OQA or ^-^obin) was 
amplified by PCR whh btotin-labeled primers to introduce a 
nomadioactivc tag. Hyforidimtion of the amplified product to 
the immobilized oligonucleotides and binding of streptavidin- 
horaeiadish peitMddaae conyusate to the biotinyiated pn titers 
were performed simultaneonsly. Detection was accom- 
plished by a simple colorimetric reaction Hivolviag the et^ 
zymatic oxidation of a colorless chromogen that yielded a red 
color wliereva- hybridization occumd. 

MATERIALS AND MtBlHODS 

Tailing of Obgnnnckotldes. Oligonuclectkles were synthe- 
sized on a DNA synthesizer (model 8700, Biosearch) with 
^yanoethyl N^iV-diisopropylpbospfaoramidite nucteostdes 
(American Bionetics, HasrWard, CA) by usmg protocols 
provided by d>e nunu&ctorer. Otigbnucleotidc (200 pmol) 
was tailed in 100 m1 of 100 mM pocassmm cacodyhitc/2S mM 
Tris-HCl/l mM C0CI2/O.2 mM dithiothreitol, ptt 7-6 QT), 
with 5-160 nmoi deoxynbonudcoside triphosphate (dTTP or 



Abbreviation: PCR, polymeiase chun reaction. 
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Genetics: Sukt tt ah 

dCrrP) and 60 units (50 pmol) of tenmnal deoxytibonucleod- 
dyltransfcrase (ftatlifiT Biocbeoiicals, Alamos, NM) for 
60 rain at 37^. RiCactiotis were stopped by addition of 100 /it 
of 10 mM EDTA. Tlte lengt hs of the homopolymcr tails were 
controUcd by limiting dTTP or dCTP, For example, a nominal 
^ iSJII^ of 400 dT residues was obtained by usktg 80 nmol 
of OTTP in the above reaction. 

pKpmtkn of FUtas. Tljc tailed Oligonucleotides were 
''S^.'"**^.^^ ^ of TE (10 mM TrifHfia/O.l mM EiyTA. 
Sr ^'"^ JK*1 aPPh>d to a nylon membrane (Genctnms^5; 
S'^^x'^^"^* ^> * apottiitt maiufbld (Bic^; 
BioRad), The damp fflters were then pisccd on TE-soaked 
paper pads in a UV light box (Stratalitikcr 1800; StnOtgene) 
and irradiated at 254 nin. Dosage was controlled by Uie 
devKC-s ipiCTflal metering unit. Tho irradiated merabnmeji 
S^J??''*?* T ^ ml of 5x S5PE (Ix SSPE 19 180 mM 
S'^S^^ni"^*^^ ^*rA, pH 7,2) with o!5% 
NaDodS04 w 30 mm at 55T to remove unboutKl oligoou- 
deotides. If not used immedi^ely, the fOtere were nn»^ in 
'i^, air-dricd» and stored at room temperatmc until 
needed. 

AvpHficiition of DNA. PGR am^ificatlon of genomic se- " 
q«ciK»s was performed by aslight modification of previously 
described proccduTEfi DNA (0.1-0.5 a8) was amplified in 
100 Ail cootaming 50 mM KQ, 10 mM Tria-HCl (pH «,4) 1.5 
mMMgClj* 10 Mg of gelatm, 20O /iM each dATP, dCTP 
dGTP, and dTTP, 0.2 ^M each biotinyteted amplification 
pnmer, and 2.5 units of thermic aqaaricus (Taa) DNA 
_ polymerase (Pterkin--EImcr/Cctus),'nie cycling reaction waa 
done ma programmable heat biock (DNA Thermal Cycler- 

Wl at 55*C for 15 iMfc (anneal), and incubate at 7rC for 30 
sec (extend) by the •^StctvCycIo- program. After 30 repeti- 
, the samples were metifaated an additional 5 min at n'X: 
Tiie pnmerecoDtained a single molecule of btotin attached to 
tne^s end of the oligonucleotides (described below). 

Hb*Hdtatioo and Detoctio« oC AmpnTM DNA. Each inter 
witti bound oligonucleotides was placed in 4 ml of hybrid^ 
lotion sohitron containing 5x SSPE, 0.5% NaDod$04, and 
4W jjg of streptavidin-horseradish pcmxidase conmftate 
(S^e^xence; Eastman Kodafc). PCRsamplificd DNA (20uD 

NaOH/10 mM EDTA and added immediately to the hybrid- 
'^1!^.'^ was ^ tocubatcd at55-Cfor 30min. 
ptinng tJus mcubation, hybndizadon of PGR product to 

IZ™H??^ji:?'S!!^^^f ^ stfeptavidin- 
horsenulish peroxidase to biotin present is the PCR product 

zx SSPE/0.1% NaDodS04 at room tempci^ture, washed 
^ JIL^JL^S^JP'^^' NaDodSO* at 55^for 10 m^aS 
then briefly rinsed twice in 2x Fbs (Ix PBS is n? m M 

hv ^ IT? Color development was jirfomed 

fE^SS^S L^.*^**^« « 25-50 ml of red Sco dye 
Kodak) at room temperature for 5^10 min. Pho^^ 
graphs were taken for pcnnancot records. 

«n2SfS^ Ol!gon-d««e PiW. Primary 

OTiino groups were introduced at the 5' tcrmim of the primcra 
^^vanation of published procedures aS. m iS b^f 
tomti^tene glycol was converted to ihe^iilo^USlSSo 
SSSSS^^h^cL'i^'^^ Phthahmide in the^resS^cJ 
irS^^^S^^'^ dasopiopyl azodicaiboxylate (20). 

converted to the conisponding 

t'S^ts^tnA^^JJ:^ '^^•^'"tmg phthaKnridoamiditeWS^ 
• oligonucleotides during the final cvcleof 

J^^"* PWection of the DNA (cSicen- 

SSS ^^nv^.^* ^ ^ '.^^^^ phtLimido 
group was converted to a pnmary amine, which was subse- 



J 



Proc. Natl. Acud^ Sci. USA SO (1989) 6231 

SJSS^/^^^*^ appropriate btotin active ester. 

NHS-LC-biotin (Pieree) was selected for its water solubility 
ami lack of steric hmdiance. The biotiny tation was performed 
00 otide, deprotected oUgonucleocldo, and the mixture wa.^i 
SSr!?* ^yf combination of gel fattatkm and reversed^hase 
HPLC. Additional details of this procedure wiU bo pi^Ushed 
dsewhcro (22). 

RESULTS 

BMJbs and ^ybrldhatlon Eflkfancy of TaM OUgOfMcle- 
mtte. The relative efficiencies with which synthetic oligo- 
micdeotides with homopolymcr taiU of various lengths were 
covakmtly bound to tbe nylon filter were measured as a 
V^!^^^SL^'^^^ ^ OKfipomicleotides with 
longer poly(dD tods were more readily fixed to the mem* 
brane, and all attained their tnaxunnm values by 240 mJ/cm* 
of nradiation at 254 nm. In contrast, the (dCWtailed oliftO- 
nui^ootide retpnfed more irradiaiion to crosslink to the nylon 
and w^ not companO^le to the equivalent iOV)^ construct 
c^«»™f<500mJ/cm2 exposure. This difi*erence IS consistent 
^wrth the findings of Church and Gilbert (13) that suggested 
t«ht-activated thymine bases bind more effectively to nyloo 
than do cytosine bases. The untailed oligonucleotide was also 
reiamtd by the membrane in a manner that roughly paralleled 
the potyCdC) product. ^ j 

Efficient binding of otigomicleotides to the membrane* 
nowcvcr, does not necessarily correlate with hybridintion 
emc^ncy, and so hybridization efRdcncy as a function of 
xT?^ ^ determined in a separate experiment (Fig. 1 
mM). These results show a distinct optimum of exposure 
that changes with the length <rf^the poIy(dT) tail and isinore 
Sharply pronounced for the longer tails. Additional experi- 
^ **** to be about 20 mJ/cm^ 

^^^J^^^^J^/""^^ for the (dTl^o oligonucleotides 
/JS^' wnpnbhshed obscrvaiions). The peak efUciencies of 
the (or)«o and (dT)sn constructs are aitMmd 1% (45-50 fteol 
of radiolabeled probe annealed to «3.5 pmol of tailed oligo- 
"r /^^i' which is similar to the value nrported by Camper 
^/ tff (23) for an otigomjcleotide probe hybridized to nyloan 
bound plasmid DNA. ^ 3 

Comiarison of the data m Ftg. 1 Le/if and Right for 60 
ml/cm' irradiation indicates that oUgonocleotides with 
ton^ tails hybridize more effectively than can be accounted 
lor by the additional amotuits bound to tbe filter This 
l^i^J^^ eflFect wherein the poly(dT) tails improve 
bybndi2ation ^^ncy by mcreasing the distance between 

BL«!21f?.S?S^ oligonucleotide pfxrf?e. 

Besides possible UV damage to the DNA itself, additional 
exposure canses more of the tail to become attached to the 
?-^I!?^"*'V*l"iJ^V«n« ^ average spacer length and 
dwitasing hytwidizatioo ejOTiciency. The mari^edly different 

nl^^i^^^^Jf^*** "^"^f^y^^^ oligomicJeotide is comr 
Sffi^L"!?^ l^ST^S'™^' cytosfnes react less 

^.-^^^ the filter, hybridi^on eCTtctency reaches a 
S^^:^K^?5L^? .^ ^ damage and tail sh<Jitenmg ai^ 
oompaisatedby the fixing of new molccuks (see Fig. 1 Lefty. 
™is "uuncterishc of cytosine may make a poly(dC) tail 

Un^lh^'^S"^^^^ cam^ot becarefuQy ^r^nS^^ 
under the stiuigent hybridization conditions used in this 
^^jrocni. no signal was detected for the untailed oUgomi- 

6^A^^^^^^^^ ZfLA-DfiA test is 

PCR-bascd oNgonuclcotide typing sj^cm tbsl 
gartftKms the polymorphic variants at ihz OQA Sto 
four mJttor DNA types, DQAl to OQA4, arSTthr^DOA/ 

^ectfK^ the nwoor DQA types, four ofigonudcotides that 
2SS5?Sf» SlS?'^' subtypes, a„d onf control oli^ 
deotide that hybridizes to all alleKc DQA sequences oSk 
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abSTRAOT a rapid oonwidhM WC iye ftppivadi to Ike di- 
^noili <3i sickle ceV wiemla b deicribcd based on ma allele- 
spcdflc potyniiTBse chatn rcMtlOM (ASFCR). TMi method 
■Ik^fS direct dcteclhm of the aonaat or tlieskkle eel ^^gk>hhi 
ftlMe in genomk DNA wttkont addMonal fitepn of probe 
hytJtidizaUon, Ugackm, or radtHctlOtt enzyme ckmyftj^. Two 
tMe-spedfk o^unacleotide primera, one spcdflc fbr the 
sickle cell aHcle vod one specific for the ionaal slide, togeOier 
with another primer comjplcintnt&ry to both alleles were wA 
ill tbe polyttierase chain rcnctiim wtm 8C««inlc PNA templar 
The allele-speciflc prfaoers dflhrrd froni each o^r In their 
termhial 3' nncteotide. Under the proper ani»esiABg tempera- 
tiiR and pot^nenvM c^ato reactioii condKlom^ these prIziMrn 
oidy diracted MpUfkatlon on ih^ compleiiuiitBry 
sSnf)e bund Oaiy of DNA ssmptai imm 12 indivfid^s, tids 
method correctly tuMt onaiiiblgDoasly aHowcd for the detemd- 
iMtkikl of the genotype? with XkO fibe uecativcs or po«Uivfs. If 
ASFCR to able to dbcrhntnate aD tPetk vwiatfg n (both^ 
transttSoB and trvufiversloi] notatlMu)^ tbitHneUrad has the ^ 
potendal to tie a powerfW approach for genetic dtetfe dl^- I 
oogy^gm er Bcrwadng , gg^ tygy ^ hamav gene napping^ J 
foreoKlcSy and p atuuity testtn g* 

Sickle cell anemia is the prototype of a genetic disease caused ^ 
by a single base-pair mutation* an A ^ T cransversion in the J 
sequence encoding codon 6 of the human ^gfobin gene. In 
homozygous sickle cell anemia, the sab^titution of a single 
amhioadd (Ohi-f Val) in the 0^obin subunit of henwglobin 
resuhs in a reduced solubility of the dcoxybemogJobin 
molecnle «Kd erythrocyte;; assume irregular shapes. The 
sickled erythrocytes become trapped in the microcirculation 
and cause damage to multiple organs. 

Kan and Dozy (I) wete the first to describe the diagnosis 
of sickle cell anemia in the DNA of affected individuals based 
on the linkage of the sickle cell aflelc to an f/pa I restriction 
firatgment length polymorphism. Later^ it was shown that the 
mutation itself affected the cleavage site of both I?de I and 
Mst U and could be detected directly by restnction enzyme 
cleavage (2, 3)^ Conner et a/. (4) described a moi^ general 
approach to the direct detection of single nucleotide variation 
by the use of allele-specific olbonucleotide hybridization. In 
this method, a short synthetic oligonucleotide probe specific 
for one allele only hybridizes to that allele and not to others 
under appTx>priate conditions. 

All of the above approaches are technically challenging^ 
require a reasonably large amount of DNA, and arc not very 
rapid. The polymerase chain reaction (PCR) devdoped by 
Smki er aL (5) provided a method to rapidly amplify small 
amounts of a particolar target DNA. The amplified DNA 
could then be readily analyzed ibr the presence of DNA 
sequence variation (e.g., the sickle cell mutaUon) by allele^ 



The pabflcatiDn coitft of this articJe were defiayed in pait by cfasroe 
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specific oligonucleotide hybridization (6), restriction enzyme 
cleavage (5, 7), Itg^n of oligonucleotide paint (8, 9), or 
hgation amplification (10). PCR increased the speed of 
analysis and reduced the amount of DNA required for it but 
did not change die method of analysis of DNA sequence 
variation. In this ^per, we investigs^ whether PCR could 
be done in an altele-spedfic manner such that the presence or 
absence of an axnpliRed fragment provides direct detenni na- 
tion of genotype. 

FCR utilizes two oligonucleotide primers that hybridize to 
opposing strands of DNA at positions spamung a sequence of 
iniepest. A DNA polymerase [ctthcr the Klenow fiiagment of 
Escherichin coH DNA potycnerase I (5) or Tkermus aquaticus 
DNA polymerase (U)] is used for sequential rounds of 
template-dependent synthesis of the DNA sequence. Prior to 
the initiation of each new rounds the DNA is denatured and 
fresh enzyme b added in the case of the f. coU enzyme. In 
tfiis manner, exponential amplifieation of the target se- 
quences is achieved. We reasoned that if the 3' nucleotide of 
one of the primers formed a mismatched base pair with the 
template due to the existence of single nucleotide variation, 
amplification would take place with reduced efficiency. 
Specific primers would then direct amptificatFon only from 
their homologous allele. After multiple rounds of amplifica- 
tion, the formation of an amplified fragment would indicate 
the presence of the allele hi the IniUal DNA. 

MATERIALS AND METHODS 

OBgoondeotlde Synthesis. OOgonudcotides were synthe- 
sized on an Applied Biosysteros 380B DNA synthesizer by 
the phosphoramidite method. They were purified by electro- 
phoresis on a urea/polyacrylamide gel fbllowed by high- 
performance liquid chromatogn^y as described (12). 

Simrce and Mafion of Hnman DNA» All genomic DNA 
samples with the cj^ception of the ^-thalassemia DNA were 
isolated ftom the peripheral blood of appropriate individuals. 
The 0-globln genotype of these individuals was previously 
determined by hybridization with aflele-specific oligonucle- 
otide probes (4) as well as by hemoglobin electrophoresis. 
Thalassemia mi^or DNA was obtained from an Epstein-Barr 
vitus-transfonned lymphocyte cell line obtained fitjm the 
National Institute <^Gaietal Medical Sciences Human Ge- 
netic Mutant Cell Repository (Camden, NJ). Thalassemia 
DNA was isolated from the cultured cells. AU DNA prepa- 
rations were performed according to a modified Triton X-100 
procedure followed by proteinase K and RNasc A treatment 
(13). The average yield of genomic DNA was '^TS M per ml 
of blood. 

KR. Hin4A (5'-CACCTGACTCCTGA) and BGn (5 - 
AATSSaCCAATAGGCAGAG) at a c oncentrfltirtn «f 
#iM were used as the primer set for the ah'pHMafaon rffffe ' 

^2l2^'5!S** poiynwrMe chain reactloa; ASFCR. aiicJe^ 
specinc FCR. 
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norma] ^lobin (gene (o primer set). Similarly, 0.l2 /iM^ 
H/J14S (5'<:ACCT0ACTCCTGT) and 0,12 mM BGP2 were llf 
used as the primer set for the amplification of tbc sickle cell 
gene {s primer set). Both primer $ets directed the aiTq>{i6ai- 
tion of a 203-base-pair (bp) /9-globin Bltele-^pecific fragment. 
Aa an imental positive controt, all reaction mixtures coci* 
tained an additional primer set for the Inimafi growth hor- 
mone gene comprised of 0.2 fM OHPCRl (5^ TTCCCAAC- 
CATTCCCTTA) and 0.2 GHPCR2 (S'-GGATTrCTGT- 
TGTGTTTC) OiCH prbner m). GHPCRl and GHPCR2 
direct the amplication of a 422-bp fragment of the hum^Di 
growth hormone gene* All ty^^^^t^^ ns were perfon ned in a vni 
of50fJ containing 50 mM KCI, 10 mM Tris-HCl (pH 8.3), 1.5 
mM MgClz* 0.01^ (wt/voD gciatin, template DNA (0.5 
/i*8/ml), and 0.1 mM each dATP, dCTP» dGTP* and TTP. 
Reactions were carried out for 25 cycles at an annealing 
temperature of 55^: for 2 min, a polymerization temperahne 
of TTC for 3 min, and a heat-clenaturalton tcmpeTalure cf 
94*C for 1 min on a Pertin-Ehner Ceti» DNA tbcnnal cycler. 
At the end of the 25 moods, the samiries were held at 4°C in 
the thermal cyder until removed tbr analysis. 

Anallysis 4f the PGR Prodocts. An aliquot (15 /4) firom each*" 
of the completed PGR reactions was mixed with 5 /il of 5x 
Ficon loading bitSer (Ix ^ lO mM Tris-Ha, pH 7.5/1 mM 
Ei:)TA/0.05% bromophenol blue/0.05% xylene cyanol/3% 
FicoU) and snbjected to glectrppboreais hi a l>5% agarose gel. 
Electrophoresis wm pertoinied itil^9 mM IWa^HCl/tt^ raid 
bofBtc/2 mM EDTA buffer for 2 hr at 120 V. Ai the 
completion of elcctfophoresig, t he gel was stained in edridhim I 
bnMflide (1.0 /tg/mn for 15 min , Jeitamcd m water for 10 mj n, j 
aocrphotcgraphed by ultraviolet trBn»4lIumination . 

RESULTS 

RKperimental MgHL The scheme describing allele-Rpcdfic 
PGR (ASPCR) is shown in Fig. 1. Primer Pi is designed snch 
that it is complementary to allele 1 but the 3'-tenninaI 
nudeoCfdo fbnns a single base-pan- mismatch with the DNA 
sequence of allele 2 (Fig. 1^^ •). Under ^)pn>priate anneahi^ 
temperature and PGR conditions, there is normal amplifica- 
tion of the P1-F3 fragment with DNA tonpJates containing 
allele 1 (homo- or heterozygous), while there is liUlc or no 
amplification from DNA templates containing allele 2. In a 
similar way, a primer (P2) could be designed that would allow 



PI 
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the specific PGR amplification of allele 2 but not allele 1 
DNA. 

We designed two 14-fiucleotide-long allele-specittc prim- 
ers, H^14S and H014A, compicmeotaiy to the 5' end of the 
sickle Cell and normal ^-globtn genes, respectively. The 
oligonucleotide primers differ firom each other by a single 
nucleotide ai the %' end, H014S having a 3' T and H^14A 
having a 3' A conresponding to the base pan* affected 1^ the 
sickle cell mutation. The oligonucleotide |»rimer BGP2 (7) 
complementary to the opposite strand 3' of the allele-specific 
primers was used as the second primer for PGR. The 
amplification product with these primer pairs was 203 bp. 
Also included in each rtactk>n was a seccmd pair of primers 
that directed the amplification of a 422-bp firagment of the 
human growth hormone gene. These primers were inchided 
as an tntemal positive control^ 

KMMrijalnatkia Between the Normal awl SIcUc GeU ADeks. 
Genomic DNA was isolated from peripheral blood leuko- 
cytes of individuals of known ^^globin genotypes (/3Vi5^i 
^/f^. ^/^' In addition, DNA was isolated from an 
Epstehv-BaiT virus-inmsfonned cell line containing a ho- 
mozygous deletion of the ^^fa>bin gene DNA was 
subjected to 25 rounds of PGR using either the sickle 
celUpecific primer set (Hj914S and BGP2) or the normal 
gene-specific primer set (H^14A and B0P2) using an anneal- 
ing temperature of The results aie shown in Fig. 2A. It 
can be seen that a 203-bp fragtnem is observed using the 
sickle cell-specific primer set only with the ^(f^ and j?/^ 
genomic DNA templates and not with the ^/^^ genomic 
DNA templates. Gonvcrsely, the normal gcoC'-spccific prim- 
er set only gave risc to an ampiificatioo product with 0^/^ 
and fihfp^ genomic DNA templates. As expected, the 
thalassemia DNA did not give rise to a /3-gtobin gene 
amplification product with diher primer set. The intemaJ 
growth hormone gene control gave rise to a 422'^ fragment 
in all samples, demonstrating that in no case was the absence 
of a globin-specific band due to a failure of the PGR. 

In a single blmd study, the DNA from 12 individuals with 
diffcrem /S-globin genotypes was analyzed witfi the two 
primer sets. The results are shown in Fig. IB. Individuals I, 
2, 3, and 5 are pitedicted to be individuals 6, 9, 10, and 

11 arc predicted to be and individuals 4, 7, 8, and 12 
are predicted to be ^/^. lo each case, the genotype was 
correctly and unambiguoosly predicted fit>m the pattern of 
fragment amplification (see legend to Fig. 2 for dinically 
diagnosed genotype). 
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FlC» 1, Schematic representation of the ASPCIL PI and P3, 
tiyntheUc oUgooudeotide primers th^t anneal to e p y usi i ^ straiids of 
a siij^ copy gtJte. PI anae«lft tp th« regioD of usene in the region 
era DNA sequenee variiitiod such that its term jnal 3' nudcotide base 
pair* with the poiym^rphic ouctcxxtde of ihe template. PI is com^ 
pletdy complementary u> allele i Ci4) but forms a sln^ base^air 
misimieh ^ aflele 2 at the J'-terminBl positton due to one or nwre 
nncleotide cfiffetenccs relaiive lo allele 1 (0). 



DISCUSSION 

TTie rcsuhs presented above indicate the pcytential usefulness 
of ASPCR for sickle cell diagnosis. The method is n^pid and 
the result is obtained without the use of radioactivity, since 
all that is rcijuired is to visualize the band on a gel with 
ethidhim bromide staining. It should be possible to further 
improve the technique by elimination of the gel separation ^L. 
step. One strategy for this is shown in Pig. 3. As proposed T ^ 
lecentiy by Yamanc ef al. (15), the two primers for tiie PGR 
could be labeled differentiy, one with biotin and one witii a 
fluorescent group such as fiuorescein or tetramethyl rhoda- 
mine. The product or the PCR could be caphired on strcpta- 
vidin-agarose and the presence of the amplified sequence 
could be detected witii the fluorescence. In this case, if one 
aUehsspeciac primer weie labeled with one fhioiescent group 
o*cr were labeled with a diflfcreot one, then the 
ASPGR could be done simultaneously. 

In this study, we have used PGR primers that form either 
an A-A or a T-T mismatch. It is not clear that other 
mtonatchcs wiD give equaDy effective discrimination. Since 
G*T mtsmatches are more stable than other mismatches (16). 
OT should probably be avoided when destgmf« primera! 
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Automated DNA diagnostics using an ELISA-based oligonucleotide 
ligation assay 

(DMA ■mpWIcadom/gme dttectteo/gHWrne mmp^bi^ 



Deborah A. NiCKBRSON*. Robert Kaiser* Stephen Lappin, Jason STEWARrt, Leroy Hood, 

AND VUF LaNDEGREN''^ 

Divtsioa of Btolcgy. 147^73. CatiTomiB Institnte eTTefhtkotosv. PtiMMtem. CA 91125 
Cotttrihutrd ty Lfr&y Nood, AufguMt i6, 1990 



ABSTRACT DNA dl^pMivtk*, the dctecUM of apedfic 
DNA ^udtccs, wiD play m lu u riwiPK ty iiiqw Mr tonl role tn 
iwaicirte 99 the mokcuter M» of baimni dtaease is iSeftocd* 
Here* we demonstr n c m mikmsiM^ mntaDtople Atrotegy forn 
DNA dBttgnostlcs nsfng ampiWc^thm of tefiei DNA segmenti I 
by the p ol yiii g nia ie chain reocck»(l^)<didtfcedlxr^ ^ I 
of aDdlc sequence rtrliinls by a ootorimebric ol^-ooiicleotfde / 
ligation 9ssaj (OLA). We have appJied the aotomate^J 
PCR/OLA procedare to dl^MsIs of comnfeoxi geacdc dbeMCA, 
web us sickle ceU ancnim imd cysdc fibriMls (AFSiB nratation), 
aiHltoKmctlc IliAagefiB^nitng^ifeenesc^cDCstBthehiNnaii 
T-oell recqpcor ^<haln loan. The aalomated PCR/OLA 
strategy prorides * rapid sjvtm for diaxnosls of genctk, 
maligiiaat, and lofectScias dSntmstS ss wefl as a pawerftd ap- 
proch to eeatfi^ ttnkage mapptet of chiumueouieg a«d fa'^^ 



Ak DNA tjrpfaig. 



The Mvdy of DNA sequence variants humans is play ring m 
important role in diafsnosis of genetic and malignant du^cascs 
(1, 2). The analysis of £W A polymorphfsms also serves as the 
fundamental tool m attempts to construct genetic Hnkage 
maps (3. 4) and in forensic analyses (5. 6), Since the m^ority 
of DNA sequence vanants and polyHiarphisms fire single 
nucleotide substitutions a. 2)t diagnostic techniques must 
accurately discriminate single base changes. 

Single base vanations hi DNA sequences can be detected 
by a variety of techniques including Southern blot analysis (7) 
for rcstrtctioQ fragment length potymorphisms. allele-spccific 
Oligonucleotide hybrfdizatton (8), denaturing gradient gel 
electrophoresis (9), chemical cleavage of mismatched het- 
eroduplexes (10), confonnational changes in single strands 
and allele-specific pn'ming of the polymerase chain 
reaction (PCR) (12-14). These techniques have sevetal dis- 
Advairtages for automating DNA diagnosis, which include the 
use of radioactivity, the requirement for various hybridiza- 
tion conditions, and the need for electiophoresis or centrif- 
ugation- 

Thc analysis of DNA sequence variants has been greatly 
facilitated by the development of rapid methods to cjcponen- 
tially amplify specjlk DNA or RNA targets. Diagnostic 
targets can be amplified by PCR (15-17) or by oAer available 
methods (18-21). Amplification generates specific targets 
with high signal/noise ratios and permits the use of less 
sensitive nonisotopic reporters in DNA analysis. 

An alternative strategy for DNA diagnosis, the olxgonu* 
deotide ligation assay (OLA), employs two adjacent olfgo- 
nucleotide!! (20-merjj). a 5' biotmylated probe (wiih rto 3' end 
fV^^.."^^^*^"^ ^ ^ assayed) and a 3' reporter probe 
The two oligonucleotides are hybridized to target 
DNA and, if there is perfect comprementarity, the enzyme 



DNA Hgase covalently joins the 5' biotinylated probe and the 
3' reporter probe. If the probes and tariget m mismatched at 
their junction, a eovaknt bond is not fanned. Capture of the 
5' biotinylated probe on immobilized streptavidin and anal- 
ysis for oovBlentiy linked 3' reporters determine the natmc of 
the probo-iargct interaction (matched or mismatched). The 
ligase assay uses a standard set of conditions to distittgnish all 
nucleotide mismatches, and product analysis does not re^ 
quire electrophoresis or centrifugadon (22), In this report, we 
describe a strategy for automating DNA diagnosis that com- 
bines tanget amplification by PGR with a nonisotopSc analysis 
of DNA sequence variants by OLA. 

MATERIALS AND METHODS 

Robode Wortcstaftkni. A Biomeic 1000 workstation (Beck- 
man) equipped with multipipet tools and a multibulk tool was 
used to perform all pipentng. aspirating^ and washing pro> 
cedures. The workstation has been modified with a solenoid 
to switch wash sotuUons 6ming the EUSA. All mgents for 
sample processing were stored in sterile 96-minitube cas- 
settes. 

DNA Samples. DNA from humans with tt|-antitrypsh), 
^-globjn» and cystic fibrosis variants was obtained from F. 
Heytmancik (Baylor University), firom K. Tanaka (Harixir 
Hospital) and J. Korenberg (Cedar-Sinai Hospital), and from 
A. Osher and E. Hsu (Children's Hospital), respectively, and 
prepared as described (22). DNA for amplificatioa of human 
T-ccfl receptor ^hain (TCR^) gene segments was obtained 
by gently scraping cells from the lining of the buccal cavity 
with a sterile toothpick. Buccal cells were dislodgtsd into a 
minitube contaming 10 ^lI of sterile HjO» covered with 75 ^ 
of mineral od, and placed into a 96-mioltabe cassette for 
handling by the robotic workstation. Cells wm lysed with 20 
Ml of 0.1 M KOH and 0.1% Triton X-100 at 6SX: for 20 mm 
and neutrafizcd with 20 yuJ of 0.1 M HQ and 0.19& Triton 
, X-100. 

^ OUgoandeotldes. AmpUfication primers and ligation probes 
were assembled by using standard phospfaoramkHte chemistry 
on an Applied Biosystems 380A DNA synthesiMr. Ligatioo 
probes were modified with a y biotm group as described (15) 
or cbemkaOy phosphorylated with 5' Phosphate-ON (Ooci- 
tech) according to the manufacturers directions. Modified 
pmbMwcrc purified by reverse-phase higti^pcrformance Kq- 
md chromatography. Phosphorylated oligonucleotide prxibes 
(»Opmol) were labeled with dUTP-djgoxigcom by mixing 100 
mM potassmm cacodylatc, 2 mM CoCfe, 200 fM dithio- 



"Oie puMiaidon cmtsoTthn nrticJe dcfVTiyed in f9«n by pogc chanse 
psynmt. This ailkic musx thcrefoK be hereby maiked ^'tulvertbfmenr 
m BceoRlBfiee with IS U.S.C. 11734 «olc]y to hidieiie tin Act. 



Abbreyiaiions: PCR, polymeiw chain reaction: OLA, oUgonucie- 
pudc Iisatiott assay; TCRjS, T-cell receptor p chain; CFTR, cvftic 
l^rwiS nvi^iMmbnme conducunoe regsihuor; V, variable: D, dl- 
vorsiiy, J, jorajng; c, constant; ST$» sequcnco-tmed site. 
t;o whom repnnt requests shoaW be addressed/^ 
SSSi? SS?S gg'^'y Medic^Oenetics, Univeniity of 
Upsala. Box 589, fiunnedlGal Center. S-7$X 23 Upsala, Sweden. 
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8924 Genetics: Nickerson er aL 

threitol. 2.5 Ad of dUTP-digoxigenin (Bwhringer Mannheim), 
and 2 ^\ of adenosine triptrosphate (40 mM) with 70 units of 
leroiinjil deoxynucleoiidyUransrerase (CoHaborativc Re- 
5;eafch) for 1 hr at 3TC Free dUTP-digoxtRenm was removed 
by two successive cthanol preclpHdtiOns, 

DMA Amplifkatton. The robotic workstation was pro-" 
grammed lo assemble PCR reagents [5 fx\ containitig 20 mM 
Tris-HCI (pH 8.3), 100 mM KCl, 3 mM MgClj, 20 ng of bovine 
serum albumin per mU the four deoxynudeotidc triphos- 
phates each at 400 fiM, 0.5 mM amplification primers, 0.1% 
Triton X-100, and 0,05 unit of Thermtix aquaticus DNA 
polymerase per well J, genomic DNA (5 at 2 ng/^l m stenle 
distilled H2O containing 0.1% Triton X-100). and 70 jvl of light 
mineral oil in a flexible U-bottomcd 96-wetl micrt>titer plate 
(Falcon). Genomic DNA samples were denann:cd at 93'<: for 
4 min and amplified by 40 cycles of 93*<: for 30 sec. 55t)! 

transmembrane conductance regulator 
(CFTR) and TCRa constant (C^) gene scgmentsj or 61*C 
{^globin and as-antitrypsin gene segments) for 45 sec. and 
7Z*C for 90 sec in a microtlter plate thermal cycler (MJ 
Research. Watertown, MA), For amplification of T^R^ gene 
segments, 15 /i^ of FCR reagents (as described above) con- 
caming all six amplificfttion primers, 15 fil of the lyscd buccal 
sampks, and 70 ^1 of mineral oil Were added to a flexible 
microliter plate. Targets were denatured at 93*^ for4 min and 
amplified by 20 cycles of 30 sec at 93*C, 45 sec at 6rc. and 
90 sec at 71*C. Five microliters from these reaction mixtures 
^5 used to initiate a second round of amplification for each 
of the individual TCR^ gene segments (40 cycles; 30 sec at 
93^:, 45 sec at 51X:, and 90 sec at 72'*C). 

'if**^ Assays. Ligation reaction mixtures were assem- 
?i K» robotic woifetation. Fony-five microliters of 0.25 
MNaOH contaming 0.1% Triton X>J00 was added to amph- 
fied DNA samples. Ligation probes (200 fmol each) in 10 mI 
SfJ^/i"^^ buffer (10() mM Tris-HCI, pH 7.5/20 mM 
ff l^l '^'^ $Pcnnidfne/2 mM adenosine triphoaphate/10 
mM ditbiothrcitol) and 50% formamide were added to a 
U-bottomed 96-wcll microtiter plate. DNA samples were 
neutralized with 45 ^ of 0.25 M Ha and six lO^/ij aliqupts 
were added to the microtiter plate containing the ligation 
probes. Samples were covered with 70 mI of mineral oil 
denatured at 93^ for 2 min. cooled, and returned to the 
workstation for the addiU<Mi of 5 fi\ of T4 DNA ligase (5 
units/ml) (Amersham) in ix ligase bulfTer. Ugationj^ were 
done at rooni temperature (RT) for 15 min. Reactions were 
stopped by adding 10 mI of 0,25 M NaQH per well and, after 
2 mm at RT, 4 ^1 of ^ M sodium acetate (pH per well. 
Samples were transferred to a 96-wcll flat-bottomed micro^ 
titer plate (Falcon) coated with strqptavidin [60 pJ of strepta- 
vidi n (100 MR/ml) or avidin (100 p^ml) (Vector Laboratories) 
T t^^fJl' ^blocked 20 min (RT) before use with 2O0 
Ml of 300 niM TfisHO. pH 7.5/150 mM Naa/0.05% Twcen 

A^'*''''*?'L'^'^?'^'^^*"^"'"^ 100 Mgof salmon 
spcrnj DNA per ml. Biotmylated probes were captured at RT 

K?'"^ "^H P^*^ washed twice with 0.01 M 
NaOH and 0,05% Twcen 20 and once with buffer A. Thirty 
mFcroliters of anti-digoxigcnin antibodies (diluted 1:1000- 
Boehnnger Mannheim) in buffer A with 0.5% dry milk wai 
^ded to each rmcroUter well. Plates wenr incubated 30 min 

tTdt «^ V3 ^""""^ ^"""^ A- Substrate (30 Ml of 
BRL ELISA amplification system per wcIQ was added the 
ineutetcd 15 min (RT), and 30 Ml of amplifier was 
added. Spectrophotometric absorbances were taken at 490 
Srnc« tSTJ*'^ (Buriington, VT) plate reader and ab^^H^- 

t j-u JT^ '"^^ ^ IBM^XT computer 
cal^l^ haplolype frequewSes were 

calculated for genetjc Imkage analysis of TCR^ gene seg- 

of linkage disequibbrium was calculated based on the 7^ 
distnbmion of the Q statistic described by Hedrick ef ai (26) 



Prac. Nali Acad. Set. USA 87 (!990) 
RESULTS 

Tlie Automated PCR/OLA Strategy. CKir strategy for au- 
tomated gene analysis is shown in Fig. L A Biomek 1(X)0 
robotic workstation was used to (i) prepare targets and 
assemble reagents For DNA amplification, {ii) mix and ligatc 
5' biotinylated probes and 3' digoxigenin-Iabcled reporter 
probes on amplified DNA targets using T4 DNA l^jase, (m) 
capture 5' biotinylated probei; on streptavidtn^oated micro- 
titer plates, OV) wash plates, and (v) detect the digoxigenin 
reporter coupled to bioiin-labeled probes by an ELISA. 
Altogether, processing time for 96 samples from entry to 
computer read-out takes <7 hr. Overnight amplification 
pcnniLs processing of ligation assays from 192 DNA samples 
in a single day (1200 reactions, triplicates for two aJIcles). 

AmplifkattoB Primers and K^^atloa Prx>bes, A panel of 
amplifkation primers and ligation probes for known se- 
quence variants in human DNA have been synthesized (Table 
1). Two sets of jrobes detect mutations that cause common 
genetic diseases in homozygous individuals, sickle cell ane- 
mia and CF (27, 28). Another set detects a common mutation 
m the apantitrypsin gene that. In homozygous individuals 
leads to a predisposition for cirrhosis of the liver in childhood 
and emphysema in adults (29), The remaining probes detect 

Amplify-!^! DNA 




2 Denature. Anneal and Ligatv ModHied OligonueleotMes 
on Ampllfifid Target 



^^^^^^^^ 



Capture Biotinylatad OSgonuctooUdes and 
Partenn ELISA for Didoxigontn 




oSi*;L e^**^ ««P« >n the automated PCR/ 

OLA proccrfnrc pcrfom>cd with a rotxMic woflcstBtion. The assav 

SJl^^lLJ^l*!'"*^^ ^P'ificaii^l/.^SysT^^^^^ 
SSiSS?* sequences with biolin (B>.1abeled and disoxte^in 
OligDnucJcotide protes and T4 DNA ligase (L)- 3 cal^re 

to ETl^A^i^ii^" ^""^ ^vjdcmiy linked digoxigcnio (D) by usitu 
J* . «^th alkaline phosphSasTtAPi^HiuMt^i 

anUHligoxuteoin («D> amibodies and a sutiirate (^ 
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